To investigate the role of the Fhit gene in carcinogen induction of neoplasia, we have inactivated one Fhit allele in mouse embryonic stem cells and produced (129͞SvJ ؋ C57BL͞6J) F1 mice with a Fhit allele inactivated (؉͞؊). Fhit ؉͞؉ and ؉͞؊ mice were treated intragastrically with nitrosomethylbenzylamine and observed for 10 wk posttreatment. A total of 25% of the ؉͞؉ mice developed adenoma or papilloma of the forestomach, whereas 100% of the ؉͞؊ mice developed multiple tumors that were a mixture of adenomas, squamous papillomas, invasive carcinomas of the forestomach, as well as tumors of sebaceous glands. The visceral and sebaceous tumors, which lacked Fhit protein, were similar to those characteristic of Muir-Torre familial cancer syndrome.
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esophageal͞gastric cancer ͉ N-nitrosomethylbenzylamine ͉ carcinogeninduced tumorigenesis ͉ Fhit knockout mice ͉ tumor suppressor gene S ince it was first noted that human chromosomal fragile sites mapped to chromosome bands that were nonrandomly altered by translocations or deletions in neoplasias, it has been proposed that the recombinogenicity of fragile sites, possibly enhanced by environmental carcinogens, could lead to altered expression of oncogenes or tumor suppressor genes at fragile sites (1) . The corollary of the proposal is that alterations to expression of genes at fragile sites contribute to clonal expansion of the neoplastic cells. FHIT is thus far the only example of a gene at a constitutive fragile region and shows many hallmarks of a tumor suppressor gene (2) . The FHIT gene is altered by deletion or translocation in a large fraction of many types of cancer, including lung, cervical, gastric, and pancreatic (2) (3) (4) (5) (6) (7) (8) . Fhit protein is lost or reduced in the majority of these cancers, in a large fraction of other cancer types (9) (10) (11) , and preneoplastic lesions in the lung (12) . Nevertheless, acceptance of Fhit as a tumor suppressor has not been universal (13) , with some reports suggesting that fragility of the locus alone could account for the occurrence of clonal or oligoclonal genetic alterations at FHIT in cancers. The murine Fhit locus is similar to its human homolog (14, 15) , encompasses a common fragile site, and is altered in murine cancer cell lines. To define the role of Fhit protein in cancer development, we have established a strain of Fhit ϩ͞Ϫ mice and have compared the frequency of carcinogeninduced tumor formation in Fhit ϩ͞ϩ and ϩ͞Ϫ mice by using the established N-nitrosomethylbenzylamine (NMBA) esophageal͞gastric cancer model (16) . On bioactivation, NMBA produces benzaldehyde and an electrophilic methylating agent (17) that methylates DNA, resulting in the formation of the promutagenic adduct, O 6 -methylguanine (18) . NMBA was reported to induce both esophageal and forestomach tumors when administered by gavage or in the drinking water (16, 19) . In a series of studies on esophageal tumor induction by NMBA in rats and mice, Fong and colleagues (16, 20, 21) have developed a model system that requires low doses of NMBA. We have used this model system to test the effects of NMBA administration on Fhit ϩ͞Ϫ mice. By 10 wk after NMBA exposure, all of the Fhit ϩ͞Ϫ mice developed a spectrum of visceral and skin tumors similar to those observed in a human cancer syndrome, Muir-Torre syndrome (MTS), caused by deficiency in a mismatch repair gene.
Materials and Methods
Immunoblot Analysis of Murine Fhit Protein. A glutathione Stransferase (GST) gene-fused murine Fhit cDNA recombinant was cloned into a bacterial expression vector. In the resulting construct, pGEX4T1-mFhit, the murine Fhit protein coding sequence was placed downstream of the GST gene. GST-mFhit fusion protein was produced in the BL21 bacterial strain (22) , and, after purification, GST-mFhit was cleaved with thrombin protease. Polyclonal antiserum against purified mouse Fhit protein was raised commercially (Cocalico Biologicals, Reamstown, PA) and used at 1:8,000 dilution in immunoblot and 1:4,000 in immunohistochemistry experiments. Specificity was tested on protein lysates from murine cells and tissues with and without endogenous or exogenous Fhit protein expression.
Immunohistochemistry. After antigen retrieval, endogenous peroxidase was inhibited with 3% hydrogen peroxide, and nonspecific binding sites were blocked with normal goat serum (21) . Slides were incubated with primary rabbit anti-murine Fhit (1:4,000 dilution, overnight), followed by incubation with biotinylated goat anti-rabbit antibody. Slides were then incubated with strepavidin horseradish peroxidase (Dako; 1:1,000 dilution). Fhit protein was localized by a final incubation with 3,3Ј-diaminobenzidine tetrahydrochloride (Sigma). Slides were counterstained with hematoxylin, dehydrated, and coverslipped.
Carcinogenicity Study. (C57BL͞6J ϫ 129͞SvJ) F 1 mice (B6129F1s) that were Fhit ϩ͞ϩ or ϩ͞Ϫ were produced in the Kimmel Cancer Center (KCC) animal facility. Eighteen Fhit ϩ͞ϩ and 22 Fhit ϩ͞Ϫ mice (30-46 wk) were given eight intragastric doses of NMBA (Ash Stevens, Detroit, MI) over the course of 3 wk at 2 mg͞kg body weight. About 50% of the mice were killed 6 wk after the final NMBA dose and the remaining mice at 10 wk. Tumor incidence differences were analyzed by two-tailed Fisher's exact test (23) . For comparison, four untreated Fhit ϩ͞Ϫ mice (54-59 wk old) and one untreated Fhit ϩ͞ϩ mouse (59 wk old) were similarly autopsied. At autopsy, whole esophagi and stomachs were removed and opened longitudinally. Other tissues with apparent tumors were also examined. The number of animals bearing tumors in the esophagus, forestomach, squamocolumnar junction with the glandular stomach, and other tissues were scored. Tissues were fixed in buffered formalin and examined histologically after hematoxylin and eosin (H&E) staining for the presence of hyperkeratosis, parakeratosis, dysplasia, papillomas, adenomas, and carcinomas.
MTS Cases. Archival paraffin blocks for two cases of MTS were available from the Surgical Pathology archives of Thomas Jefferson University Hospital (case 1) and the Christiana Hospital (case 2). For case 1, paraffin blocks for two sebaceous tumors were available, and, for case 2, one sebaceous tumor block. Normal and tumor cells were microdissected from the paraffin blocks, and DNA was prepared. Tissue sections were analyzed for Fhit expression by immunohistochemistry as described (9) . Germline DNA was prepared from peripheral blood lymphocytes of the MTS patients.
Analysis of Tumor DNAs. Microsatellite instability analysis (MSI).
Portions of the large sebaceous tumors were lysed in buffer containing 0.6% SDS and 50 g͞ml proteinase K and tumor DNAs prepared by standard phenol-chloroform extraction and ethanol precipitation. MSI was assayed by PCR amplification with primers for D1Mit4, D2Mit13, D3Mit1, D3Mit203, D6Mit59, D8Mit14, D10Mit2, D14Nds1, D17Mit123, and D19Mit36 for murine alleles (24) for 30 s. PCR product (1 l) was mixed with 9 l sequencing stop buffer (95% formamide͞0.05% bromophenol blue͞0.05% xylene cyanol FF͞10 mM NaOH) and denatured at 94°C for 8 min. Then, 7 l of this mixture were loaded onto a 6% acrylamide:bis (19:1), 8 M urea gel for electrophoresis at 80 W for 2-3 h. The gel was dried and exposed to x-ray film overnight.
Fhit sequence analysis. Primer pairs flanking each of the human FHIT exons (22) and the mouse Fhit coding exons were used in PCR amplification of DNA from MTS cases or mouse tumors, respectively. Primer pairs surrounding the mouse Fhit exons were previously published (14) for exons 5 and 6 or newly designed for exon 4 (mfiex4F: GTGTTCTTCACAGTTACG; mfiex4R: CAATTCTATACATTCTTTGC), exon 7 (mfiex7F: GGCCT-GCTGGATAATTCATA; mfiex7R: AGATAACATAAT-GA A AGAGC), exon 8 (mfiex8F: CACTGTCA AGT-CAAAATATAG; mfiex8R (2): GGCCTTGTGACTAAATA-ATAA), and exon 9 (mfiex9F: CTCTCTCCTCCAATGTTAT; mfiex9R: AAGGTTAGCAGAAAGAGG). The products were purified with a PCR purification kit (Qiagen, Chatsworth, CA) before sequencing with Taq DyeDeoxy Terminator Cycle Sequencing Kits (Applied Biosystems). Sequencing reaction products were electrophoresed and recorded on a 377 DNA sequencer (Applied Biosystems).
Southern blot analysis. To examine the integrity of the murine Fhit alleles in tumors, DNA from several sebaceous tumors was digested with restriction enzyme XbaI, electrophoresed on 0.8% agarose gels, and transferred to nylon membranes. After drying, membrane-bound DNAs were hybridized to 32 P-labeled fulllength murine Fhit cDNA or to exons 1-4, 4-10, or 7-9, to determine whether portions of Fhit alleles were deleted. Densitometry analysis of specific lanes of Southern blot autoradiographs was performed. Quantitation of signals was performed by using IMAGEQUANT software (Molecular Dynamics).
Results
Production of Fhit tm2KCC mice. A 129͞SvJ mouse genomic fragment encompassing Fhit exon 5 was cloned, and a termination codon was introduced into the exon 5 coding region. Exon 5 is the first protein coding exon, so that the termination codon prevents translation of a protein. There are no downstream Met codons that can initiate translation of a stable protein (27) . This altered genomic clone was inserted into a derivative of the Mc1-TK vector along with the PGK Neo bpa gene (Fig. 1 ). RW4 ES cells (Genome Systems, St. Louis) were transfected with this Fhit targeting vector, and embryonic stem (ES) cell clones were selected with the vector integrated through homologous recombination into an endogenous Fhit allele (Fig. 1) . The targeted ES cell clones were introduced into 3.5-day blastocysts to generate chimeras. Each of the chimeras transmitted the defective Fhit allele to offspring, as determined by Southern blot analysis of tail DNA from agouti pups. Progeny from one chimera (ϩ͞Fhit tm2KCC referred to as Fhit ϩ͞Ϫ mice) were intercrossed, and genotyping revealed that all three genotypes were represented, with a ratio close to the expected Mendelian distribution. Disruption of the Fhit locus in the knockout mice was further verified by PCR analysis, as illustrated in Fig. 1 . To confirm absence of a functional Fhit gene in Fhit Ϫ͞Ϫ mice, weanling mice were sacrificed and organs removed for assessment of Fhit protein expression by immunoblot analysis and immunohistochemistry. Immunoblot analysis showed that Fhit Ϫ͞Ϫ mouse tissues were entirely negative for Fhit protein (see Fig. 2) ; NMBA Induction of Tumors. At 6 wk after the final NMBA dose, there was no visible difference in the Fhit ϩ͞ϩ and ϩ͞Ϫ mice. By 10 weeks after the final dose, three of the Fhit ϩ͞Ϫ mice showed tumors in the subcutis of the abdomen. On autopsy at 10 wk, more than 50% of the Fhit ϩ͞Ϫ mice exhibited one or more of these tumors in the abdominal, mammary, or axial area, sometimes invading muscle tissue. The tumors were removed for fixation before examination of the esophagus͞forestomach. On inspection of whole esophagus and stomach tissues at 6 wk after treatment, 7 of 10 Fhit ϩ͞Ϫ mice showed one or more small tumors, whereas 2 of 10 Fhit ϩ͞ϩ mice showed a very small tumor of the esophagus or forestomach. At 10 wk, 11 of 12 Fhit ϩ͞Ϫ mice showed apparent tumors, usually multiple, in the forestomach, the squamocolumnar junction with the hind stomach, and͞or in other tissues (Table 1) ; 2 of 8 Fhit ϩ͞ϩ mice exhibited tumors. An untreated Fhit ϩ͞ϩ mouse (59 wk) showed no abnormalities of skin, esophagus, forestomach, or junction. Three of four untreated Fhit ϩ͞Ϫ mice (54-59 wk) showed a small abdominal tumor in the skin.
Histological and Immunohistochemical Analyses. Histological examination revealed an esophageal squamous papilloma in 1 of 10 Fhit ϩ͞ϩ mice at 6 wk after NMBA (data not shown) and in Fhit ϩ͞Ϫ mice 33 and 36 at 10 wk post NMBA (Table 1) . At 6 wk post NMBA treatment, Fhit ϩ͞Ϫ mice had more tumors than Fhit ϩ͞ϩ mice (70% vs. 20%; summarized in Table 2 ). At 10 wk post NMBA treatment, the difference between tumor burden in Fhit ϩ͞Ϫ mice (100%) compared with ϩ͞ϩ mice (25%) was highly significant (Tables 1 and 2 ). Most of the tumors were in the forestomach and squamocolumnar junction with the glandular stomach, as observed previously in B6 mice (16) . Histological examination of the abdominal tumors of the Fhit ϩ͞Ϫ mice showed that they derived from sebaceous glands ( Table 1 , and Fig. 3 ) and were identical to the sebaceous tumors that are the hallmark of MTS, a variant of hereditary nonpolyposis colorectal cancer (HNPCC) syndrome. The small abdominal ϩ͞Ϫ 0͞10 † 5͞10 4͞10 ND 7͞10 P ϭ 1.0 P ϭ 0.14 P ϭ 0.09 P ϭ 0.07 10 ϩ͞ϩ 0͞8 1 ͞8 1 ͞8 0 ͞8 2 ͞8 10 ϩ͞Ϫ 2͞12 10͞12 5͞12 7͞12 12͞12 P ϭ 0.49 P ϭ .005 P ϭ 0.32 P ϭ 0.015 P ϭ 0.0007 *Number of mice with tumors/respective number of mice. † One esophagus showed dysplasia. The tumors at 6 wk were mainly squamous papillomas. The tumors at 10 wk in the ϩ/Ϫ mice were mostly squamous papillomas, but two Fhit ϩ/Ϫ mice had squamous carcinomas of the forestomach or junction; one Fhit ϩ/ϩ and one ϩ/Ϫ mouse at 10 wk showed a small adenoma of the forestomach. ND, not detected. tumors observed in three of four untreated Fhit ϩ͞Ϫ mice were also sebaceous tumors. Other tissues of the untreated mice were normal. Sections from the fixed tissues were analyzed by immunohistochemical detection of Fhit protein expression, to determine whether the remaining Fhit allele had been inactivated in tumors. Epithelial cells lining the esophagus, forestomach, and junction with the glandular stomach were positive for Fhit expression. In the esophagus, the basal epithelial cells stain less strongly than the overlying squamous cells (see Fig. 3A ). All of the squamous papillomas and other tumors were Fhit-negative, as illustrated in the examples shown in Fig. 3 B-F . Note especially the lack of Fhit expression in the sebaceous tumors shown in Fig.  3 E and F. To compare the mouse sebaceous tumors to sebaceous tumors from MTS cases, sebaceous tumor sections from two MTS cases were analyzed for expression of human Fhit. Fhit protein was detected in normal human hair follicle and sebaceous gland (Fig. 4 A and B) from the MTS tumor sections. Fhit protein was not expressed in two human sebaceous tumors from case 1 (see Fig. 4D for example) but was expressed in the sebaceous tumor from case 2 (not shown).
Genotypic Analysis. Murine tissues. DNA was prepared from tail biopsies, as well as portions of the larger tumors of Fhit ϩ͞ϩ and ϩ͞Ϫ mice, to examine the integrity of the Fhit loci in tumors. To determine whether the wild-type Fhit allele was deleted or rearranged in tumors, the DNA was typed for the presence of wild-type or targeted Fhit alleles by PCR amplification and both exon 5 alleles were detected (not shown). Tail and tumor DNAs were also digested with restriction enzymes and typed for presence of wild-type or altered Fhit alleles by Southern blot. The results shown in Fig. 5 reveal the presence of both wild-type and targeted Fhit exons 5 in tumors 21, 27, and 31 (Fig. 5, lanes  1, 3, and 4) . At least one copy of all other Fhit exons is retained in the tumors (compare lanes 1 and 2) . Additional analyses of BamHI or XbaI digested tumor DNAs hybridized to probes for mouse exons 1-4, 7-9, and 4-10 did not reveal rearrangements or homozygous deletions of Fhit loci, although hemizygous deletions could not be ruled out. For example, densitometry analysis to compare intensity of bands for specific Fhit exons in lanes 1-3 of Fig. 5 showed that the signal for exon 1 in lane 1 (tumor from mouse 21) was half as strong as the signal for exon 1 in lanes 2 and 3 relative to other exons. The signal for exon 5 in lanes 1 and 3 (tumor from mouse 21 and 27) is split into two bands, one near the top and one at the bottom of the lanes, representing the wild-type and mutant exon 5, respectively. To determine whether NMBA had induced mutations in the wildtype Fhit allele, DNA from sebaceous tumors from mice 21, 27, and 31 and from squamous papillomas in mice 25 and 27 were also examined for mutations within Fhit exons 4-9. Primers flanking exons were used to amplify and sequence exons 4-9 in these tumors. No mutations were detected. Human MTS syndrome is usually, if not always, caused by inactivation of mismatch repair genes, and MTS tumors usually exhibit MSI. Tail and tumor DNAs were used as templates in PCR amplifications of 10 microsatellite loci in a search for MSI. Results for three of these loci are shown in Fig. 6 . MSI was not observed at any of the mouse loci tested, demonstrating that the mouse MTS-like disease does not have an underlying mismatch repair defect. Thus, although Fhit protein is inactivated in all of the NMBAinduced tumors, presumably through alteration of wild-type Fhit alleles within the mouse fragile site, we do not know the mechanism of inactivation in these tumors. We conclude that the wild-type Fhit allele is probably altered through deletion of one or more exons and that the deletions are obscured by presence of the recombinant allele.
Human tissues. Not all MTS cases have been shown to exhibit germline mutations of MSH2 or MLH1, nor do all MTS tumors exhibit MSI, the hallmark of mismatch repair deficiency. It is possible that some MTS cases with Fhit-negative tumors are caused by germline mutation in the FHIT gene. To address this question, we determined whether the MTS cases used in this study exhibited wild-type germline FHIT alleles. Restriction enzyme digestion of germline DNA from the two MTS cases did not reveal alterations of the FHIT locus (data not shown). Each FHIT exon was amplified from the two MTS cases and the products sequenced. All germline FHIT exons from both cases showed wild-type sequences. The majority of MTS cases are because of germline mutations of the mismatch repair gene MSH2. Thus, MTS tumors would be expected to show MSI. DNA from the two Fhit-negative sebaceous tumors of MTS case 1 and the Fhit-positive tumor from case 2 did exhibit MSI with several of the five markers tested (for examples, see Fig. 6 , Bottom).
Discussion
The Fhit ؉͞؊ Phenotype. The purpose of this study was to determine whether inactivation of one Fhit allele in mice would cause a tumor phenotype, and to determine whether the phenotype would be influenced by carcinogen treatment. Observation of sebaceous tumors in three of four untreated Fhit ϩ͞Ϫ mice by 1 yr of age provides a partial answer to the first question. The full spectrum of tumors that will develop spontaneously in Fhit ϩ͞Ϫ and Fhit Ϫ͞Ϫ mice is not yet known. A full 100% of NMBA-treated Fhit ϩ͞Ϫ mice exhibited tumors compared with 25% of the treated Fhit ϩ͞ϩ mice, a highly significant difference, and none of the ϩ͞ϩ mice developed sebaceous tumors. Thus, absence of one Fhit allele caused susceptibility to sebaceous tumors and carcinogen induction of gastric tumors. Whether the development of sebaceous tumors in Fhit ϩ͞Ϫ mice was affected by the NMBA treatment is less clear. As shown in Table 1 , 5 of 12 Fhit ϩ͞Ϫ mice (under 1 yr of age) showed large (Ͼ5 ϫ 5 mm) sebaceous tumors, 3 of which were noted before autopsy. Sebaceous tumors have not been observed in untreated mice, except by autopsy, which revealed small s.c. tumors (Ͻ2 ϫ 2 mm) in three of four mice over 1 yr old. We know that the tumors in both mouse strains do not express Fhit protein;
NMBA treatment has resulted in inactivation of both fragile Fhit alleles in the Fhit ϩ͞ϩ mice, but it was necessary to inactivate only one Fhit allele in the ϩ͞Ϫ mice, thus enhancing the frequency of tumor development, analogously to the 2-hits vs. 1-hit required in human sporadic vs. familial cancers. Because the only genetic difference between the Fhit ϩ͞ϩ and ϩ͞Ϫ mice is the targeted Fhit allele in the ϩ͞Ϫ mice, we believe that the second Fhit allele is the gatekeeper in tumor development, although the carcinogen has undoubtedly caused mutations of other suppressor genes in tumors of both mouse strains. Because Fhit ϩ͞Ϫ and Ϫ͞Ϫ mice are fertile, long-lived, and sensitive to carcinogen, they will serve as useful models for carcinogeninduction of tumors of various organs.
The Role of NMBA. Although carcinogen treatment increases the frequency of occurrence of tumors in Fhit ϩ͞Ϫ mice, spontaneous tumors do occur. Thus, the question arises-what is the role of the carcinogen, NMBA, in producing the MTS-like disease in Fhit haploinsufficient mice? We propose that the carcinogen fulfills a role similar to the role of mismatch repair deficiency in human MTS cases-both carcinogen and mismatch repair deficiency increase the frequency of alteration of the fragile Fhit locus, allowing selective growth of Fhit-negative tumors. Possibly, in the presence of the O 6 -methylguanine mispairs, the Msh2-Msh6 complexes delay the already latereplicating Fhit locus, so that replication is still incomplete in G 2 ͞M, leading to deletions in the fragile Fhit locus. The organ specificity of NMBA is because of the presence of esophageal cytochrome P450 enzymes that bioactivate the carcinogen (17) . Although the N-7 position of guanine in DNA is the major site of alkylation, methylation at the O-6 position is more relevant for the biological activity (18) , because the O-6-methylguanine adduct is associated with base mispairing and mutagenesis. As discussed above, Fhit ϩ͞Ϫ mice develop sebaceous tumors spontaneously, although the sebaceous tumors in the NMBAtreated Fhit ϩ͞Ϫ mice were larger and more numerous. How NMBA treatment affects development or progression of the sebaceous tumors will require further study.
Muir-Torre Syndrome. The coexistence of one or more sebaceous tumors with one or more visceral carcinomas was described by Muir; since then, more than 150 cases have been reported (25) . MTS is familial (28) and has been found in families with HNPCC (29) . The most frequently observed internal neoplasm is colorectal carcinoma; thus, the syndrome shares clinical and pathological characteristics with HNPCC. A large subgroup of MTS cases exhibit MSI and germline mutations in MSH2 or MLH1 genes (25) . The Fhit-deficient mouse tumors do not show MSI, and loss of Fhit expression plays a role in their MTS-like disease; thus, it is unlikely that the mouse syndrome involves mismatch repair deficiency. We believe that, in the mouse tumors, the second Fhit allele was inactivated through deletion of one or more exons and that Fhit protein loss played a gatekeeper role in tumor formation. We know from studies of the human FHIT locus that biallelic deletions can be observed and characterized by scanning the Ϸ1.5-Mb locus by PCR amplification using primer pairs spaced at 10-50 kb pair intervals. In the case of the mouse tumors, we expect partial deletion of only the wild-type allele. This type of deletion is difficult to observe in DNA from small tumors with noncancerous cells intermixed. Thus, the mechanism of inactivation of the wild-type Fhit allele is not known. For a sebaceous tumor from Fhit ϩ͞Ϫ mouse 21, we observed that the exon 1 signal was diminished by half on Southern blot, suggesting the possible absence of one Fhit exon 1, presumably from the wild-type allele. This would be consistent with the suggestion that the epicenter of mouse Fhit fragility was shifted toward the 5Ј end of the gene (15) rather than being centered between exons 3 and 6 as in the human FRA3B (27) . If human and mouse MTS cases arise through similar mechanisms, then the FHIT gene may be a target of damage in a fraction of mismatch repair deficient tumors, especially those with MSH2 deficiency, leading to Fhit protein loss and clonal expansion of Fhit-negative cells. If Fhit inactivation is a frequent result of mismatch repair deficiency, and a frequent pathway to MTS, then Fhit ϩ͞Ϫ mice could be considered predisposed to MTS. The frequency of inactivation of the FHIT gene in human mismatch repair deficiency syndromes could be determined by examination of colon and other tumors with MSI for Fhit protein expression. In fact, it was previously observed that two of three human pancreatic cancer cell lines with high MSI had homozygous deletions within FHIT (30) . Interestingly, Msh2 (24) and Msh6 (31) null mice exhibit sebaceous tumors at a low frequency, suggesting that crossing Fhit-deficient mice with Msh2-deficient mice would lead to increased frequency of sebaceous and other tumors, compared with the spontaneous tumor frequency of either parental mouse strain.
